Regulation of hamster embryo development in vitro by carbon dioxide.
We have examined the effect of collecting and culturing hamster eight-cell embryos in media containing high levels of bicarbonate and/or CO2 on development in vitro. An approximate doubling in the percentage of embryos developing to the blastocyst stage was observed upon raising the concentration of CO2 in the gas phase from 5% to 10% CO2. Development to the blastocyst stage was not affected by the bicarbonate concentration (6-50 mM), nor by the pH of the medium (6.5-7.4). However, escape of embryos from their zonae pellucidae was pH-dependent (optimum pH 7.1-7.4). We hypothesized that the beneficial effect of high concentrations of CO2 on blastocyst development was due to the action of CO2 as a weak acid in regulating intracellular pH (pHi). To test this hypothesis, eight-cell embryos were cultured under 5% CO2 in media containing various concentrations of organic weak acids (lactic or acetic acids, or the non-metabolizable compound 2,4-dimethyloxazolidine-dione). Embryos cultured in standard medium (TALP) under 5% and 10% CO2 served as low and high controls, respectively. At optimum concentrations, all of the media containing weak acids supported embryo development significantly better than 5% CO2-equilibrated low control medium, and gave a response similar to that obtained with high control medium equilibrated in 10% CO2. These studies demonstrate that culture in a 10% CO2 environment has a marked stimulatory effect on in vitro development of hamster eight-cell embryos and suggest that this effect is due to maintenance of pHi.